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INTRODUCTION 
Prestressed concrete as a structural material is finding wider 
usage in the United States today. Until. recently 1 economic factors 
have precluded the use of prestressed concrete in this country, while 
Europe became the leader in discovering new uses and applications in 
construction for the material. As new methods are developed in this 
country, more engineers and contractors are discovering that pre-
stressed concrete is, in many ways, far superior to plain or reinforced 
concrete. In line with this awakening the Missouri Highway Department 
is carr.ying on research to determine the feasibility of prestressed 
concrete for high~ slabs. This stuqy is a part of that research 
program. 
It is the purpose of this study to investigate the shrinkage 
characteristics of thin prestressed concrete alabs. It has long been 
known that concrete shrinks u it ages, and it has also been mown 
that under 1oad. a further shrinkage takes place. In line with the 
above research this study will investigate four s1abs or concrete 1 
three of which are prestressed, to determine the laboratory shrinkage 
characteristics. The resu1ts of this study will be used to correlate 
field data. 
A REVlE)1 OF THE LITmATURE 
Before launching into the voluminous amount of literature on 
shrinkage of concrete, it wou1d be wise to define severa1 terms used 
generally. Shrinkage, plastic now and creep are terms found through-
out discussions and papers on this subject. In this paper, »shrinkage" 
will be used to define the characteristic voltmte change in concrete due 
to drying out. "Shrinkage" occurs, Wlder most circumstances, in all 
concrete with or without load. It is more difficult to differentiate 
between ''Plastic fiow'' and "creep"• In the literature these two terms 
are used interchangeably. However, in this study, "creep" will be 
used in preference to "plastic flown. Plastic now will be used to 
designate the peculiar characteristic of plastic action in concrete 
which results in stress adjustments from overstressed areas to adja-
cent lower stressed areas. Creep will be used to define the long 
time deformation occurring in concrete under sustained load. This 
long time deformation is to be distinguished from the elastic defor-
mation occurring immediately when the l.oad is applied. This concept 
is illustrated in Figure 1, Page 3. 
Very likely, the phenomenon of creep in concrete was noticed long 
before 1.9071 when Professor W. K. Hatt published the results of a 
series of deflection tests on concrete beams. This appears to be the 
first publication available. In his paper, Professor Hatt says: 
'~ese results, taken together, show a sort or plasticity in concrete, 
by which it yields under t he action of a load applied for a long time, 
or applied a number of timesn(l). 
(1) Hatt, W. K., Effect of Time El.ement in Loading Concrete, 
Proceedings, A.S.T.M., 1907, P• 421. 

The Hatt, and other early tests, brought about interest in the 
shrinka e of concrete, both loaded and unloaded. In 1916 a paper was 
published in the Proceedings of the American Concrete Institute by 
E. B. Smith of the Bureau or Public Roads in which the author noted 
that plastic recover.y, after a long time sustained load was removed, 
was ccnsiderab]¥ less than the plastic flow under the load. '"his 
article also showed that concretes under water flolt less than those in 
(2) Smith, E. B., Tre Flow of Concrete rmder Sustained Load, Pro-
ceedings, ACI, Vol. 12, 1916. P• 317. 
Also in 1916, a paper was published which noted that the creep, 
or plastic flow, is rapid at first and undergoes a progressive slowing 
down as time goes on(3). 
(3) Goldbeck, A. T., and Smith, E. B., Tests of Large Reinforced 
Concrete Slabs, Proceedings, ACI, Vol. 12, 1916, P• 324· 
Results of tests conducted at the University of Illinois, and 
published in 1921, indicate that the shrinkage of concrete is due to 
a loss of moisture and, hence, a volume change within(4). 
(4) Matsumoto, T •. ..A., udy of the Effect of Moisture Content upon 
t~e ~~sian and Contraction of Plain and Reinforced Concrete, 
Bulletin 126, U. of Ill. Experiment Station, 1921, P• 28. 
In 1931, a major contribution to this subject was introduced by 
Professor R. E. Davis and Mr. H. E. Davis of the University of 
california. Some of the conclusions arrived at were that: regardless 
or the character of the concrete or the conditions around it, creep in 
concre·te increases with magnitude or stress and with time; and t at, 
the amount or shrinkage depend on the dr.lrness or the air around it(5). 
(5) Davis, R. E. and Davis, H. E., Flow of C :norete Under Sustained 
Load, Proceedings. ACI, Vo1. 23. 1931, P• §98. 
In 1934, the study was expanded by )1essrs. Davis, Davis and 
Hamilton showing the effect of ~ factors on the shri~L~e and creep 
of concrete. Interesting conc1usions which they reached are that the 
major portion ot plastic flow or creep in concrete, under sustained 
compressive stress, is apparent]Jr due to seepage or colloidal water 
( uncanbined.) trom the cement gel. From this 1 they found that the 
water-cement ratio has a marked effect on the amount of shrinkage. 
other shrinkages occur from crystalline slippage or !1ow and from a 
viscous flow within the concrete structure. They also state that 
temperature has no effect on shrinkage, but that the moisture content 
of the air has a marked effect. Finally 1 in the range from 300 psi to 
900 psi, the aMOunt or creep is proportional to the amount of strcss(6). 
(6) Davis, R. E., Davis, H. E. and Hamilton, J. s., Plastic Fl.ow or 
Concrete Under Sustained Stress, Proceedings, ASTM, Vol. 34, 1934, 
P• 383. 
The foll wing year Professor J. R. Shank published a paper in 
which he derived an empirical for.mula for the creep of concrete under 
stress with time. This equation is as follows: 
where: 
Y :;a cxa 
y a The unit deformation for a unit stress 
X =r The time in ~s 
C a Coefficient depending on type oi concrete and 
1oad conditions. 
a =r Root depending on rate or shrinkage and creep 
No attempt was made to separate normal shrinkage from creep. The 
coefficients in both cases take care of this; for example: a concrete 
of high water-cement ratio and stored in dry air will have a larger 
value of "C" because the amoWlt of shrinkage at any time nxn will be 
greater. The rate o! shrinkage depends on these fac~ors also; however, 
the awount of s~ress in the concrete is the prirrAr.y factor. If de-
loriration versus tin:e after loading is plotted on log-log graph paper, 
a strai~ht line results. The ordinate {del'ormation) intercept gives 
the value of ncn while tre slope of the curve is the value o£ tho root 
nan. This equation is significant because in a localized area concrete 
samples can be tested and shrinkage curves set up for the particular 
variety of a~=' regate used under various conditions. These curves can 
then be used to approximate the a14ount of shrinkage and craep co1r.bined 
which may be expected over a period of time. Tre author states that 
after one year the results of the for1rula begin to appear too hieh, and 
that after five years no JI!ore creep should be considered ( 7) • 
(7) Sharut, J. R., The P astic Flow of Co crete, Ohio ~tate University 
;Engineering Experiment. Station, Bulletin No. 91, September 12)5. 
In 1951 Nr. Robert F. Blanks, Chief of the Research and GeoloQ" 
Division of the Bureau of Reclamation presented a paper to the First 
United States Conference on Prestressed Concrete at the ~~ sachusetts 
Institute of Technology. Mr. Blanks' :; paper contained the effects of 
various elements on the shrinkage and creep o:f concrete. In general 
he states that water-oe ent ratio, size of cross section and the 
cherrical co 1position of the cement contribute most to greater drying 
shri nkage. On the other t and, strength, type and length of curing, 
amount of load, size and age at loading are factoreo which will have 
an effect on the creep or concrete(S). 
06 
(8) Blanks, R. F., Concrete for P estressing, Proceedings of the 
First United States Conference on Prestressed Concrete, M.I.T., 195~, 
p. 136. 
The Concrete Manual published by the U. S. Bureau of Reclamation 
states that the curve of creep versus time is expressed by a function 
of the form: 
~ = ~ + f(k) loge (t + 1) 
E' 
where: 
€ ~ total deformation in inches/inch/psi 
E' = Immediate elastic modulus upon loading 
r (k) = A function representing the rate of creep deformation 
with time. 
The function loge (t + 1) indicates that creep continues with time at 
a diminishing rate with no apparent limit. The function f(k) is large 
when concrete is l.oaded at an early age and small when l.oaded later in 
its life(9). 
(9) U. s. Bureau of Reclamation, Concrete ~mnual, 19551 P• 25. 
In a discussion of a paper 1 "Theories of Creep in Concrete", by 
A. M. Neville, Mr. Keith Jones has used the above formula to determine 
Es, the modulus of elasticity which is in force while the creep in 
concrete is taking place. Mr. Jones, an engineer for the Uo s. Bureau 
of Reclamation, expressed his formula as: 
I 
+ r(k) l.oge (t + 1) 
Since E is expressed in inches per inch per one p.s.i., and since: 
(Youngts) E = STRESS 
STRAIN 
then E8 is! as above(lO). 
E 
0? 
(10) Jones, K., Discussion of Theories of Creep in Concrete by A. M. 
Neville, Journal of the ACI, Part II, December 1956.- P• 1139. 
SUMMARY 
Through the literature discussions, the following are listed as 
the most important !actors affecting shrinkage and creep in concrete: 
moisture conditions, water-cement ra:tio, strength, load, . type o! 
aggregate, type ~f curing, type of cement, size and age at loading. 
Since there are so · many variables, it is difficult indeed to separate 
and define any one. One main formula, Shankts(ll), exists and will be 
(11) Shank, op. cit., P• 2 
checked with the results of this study in a subsequent section. Much 
literature is available, and results in the main are ccmparab1e. 
MATERIALS 
Concrete: The concrete materials were proportioned by weight 
according to the specified mix set down by the Missouri Highway 
Department. This mix was as follows: 
~ Parts by Volume 
C~ent l 
Fine Aggregate l.. 97 
Coarse Aggregate 3.36 
Water (gals./sack) 5.6 
The cement used was £rom single shipnents of portland cement. 
Equal parts of Alpha and Red Ring cement were used. These are type I 
cements and were carefully screened to remove any parts 'Which may have 
hardened in storage. 
The sand was an approved Pacific, Ydssouri variety with a specific 
gravity of about 2.55. The moisture content of the sand was taken the 
morning of the pour 1 and this was used to correct the weight of water 
used. 
The coarse aggregate used was a commercial 3/4 inch crushed lime-
stone with a specific gravity of about 2. 66, obtained from the Bussen 
Quarries in ~, Missouri. This aggregate was special.:cy crushed 
for these tests. Moisture content corrections were also run con-
currently with those of the sand. 
The concrete was mixed in a three cubic foot Lancaster Laboratory 
Concrete Mixer for at least three minutes. It was necessary to mix 
two batches per slab. The slump tests made from each batch of concrete 
averaged from three to three and one halt inches 1 as required by 
Missouri Highway Department specifications. Three test cylinders, six 
inches in diameter and twelve inches long, were made from the concrete 
composing each slab. One of each of the cylinders for each slab was 
tested at an age of three days (the day prestress was applied)~ ·and the 
remainder were . tested at 28 days~ The strain was measured with a 
Compressometer as 1oad was applied. Stress-strain diagrams of the cy-
linders are shown ~ Figures 2...:9~ PP• 12-15. The concrete averaged · 
46Zl psi ultimate strength with a Modulus of Elasticity of 5.7 x 106 
psi at 28 days. 
Forms: The forms for the slabs were of box construction of 3/4 
inch p~ood~ The . bottom was grooved to receive the sides which were 
bolted and braced in place to preclude any sagging with the weight o£ 
the fresh concrete. The entire for.m was supported off of the floor on 
six 2 x 2 pieces of lumber along the bottom, to give equal temperature 
for curing all around the slab. A heavy wax paper was used to line 
the forms so that no sticking would occur and early removal would be 
possible without injuring the slabs. The for.ms were removed ver.y 
easily after 48 hours, and no spalling occurred. After' 14 days the 
slabs were removed ·from the plywood platform and placed on one inch 
lumber slats to insure constant air temperature around the slabs. Two 
. sets of forms were ~e1 and each set was used twice. 
Steel: Three sets of steel springs, rods and plates were de-
signed by Mr. Bo F. Friberg for app:cying the prestress to the slabs. 
The pilot slab (A-1) had no prestress applied~ and no steel. was used 
in its construction. The slab numbered A-2 had l.OO psi or prestress 
applied and used three 1 inch steel plates, two 3/4 inch high tensio~ 
steel rods, and two springs with a spring constant of 40S9.6 lbs. per 
inch. Slab number A-3 (300 psi prestress) used two 1 1/4 inch steel 
plates~ one 1 inch steel plate, two 3/4 ~ch high tension steel rods 
J .f 
and four double spring sets, each with a spring constant of 573lo2 lbso 
per inch. .Slab number A-4 (500 psi prestress) used two 1 l/4 inch 
plates, one 1 inch plate, two 7/8 inch high tension steel rods and 
four double spring sets, each with a spring constant of 12,540.8 lbs. 
per inch. The rod~ used were of high tension steel whose modulus of 
elasticity was 31 x 106 psi and M'lose ultimate strength was 126,000 
psi. The springs were purchased from the American Steel Foundries o£ 
Chicago, illinois. The rods were purchased from the L. E. Sauer 





PROCEDURE AND APPARATUS 
~:. Four slabs were cast, one to remain unloaded, while the 
others have 100 psi, 300 psi and .500 psi of prestress applied re-
spectively. The slabs were cast on the second floor of Harris Hall, 
the Civil Engineer~g Building on the ~ussouri School of ~lines Can1pus. 
The temperature was kept fairly constant, varying only about 15 degrees. 
The humidity was very constant 1 varying only about 10% over the enti;-e 
period of the test. One other point, deserving mention at this time, 
is the fact that the average humidity was about 33%, very dry for 
curing concrete. 
The slabs themselves were 5 i/2 inches high, 25 inches wide and 
54 inches long. (See pictures, plates I thr~ugh V, PP• 21-24). 
Temperature wells were cast into each slab in about the middle so that 
three readings: top, middle and bottom could be taken. Gage plugs . 
were cast into the slab 50 inches apart in the top middle and on the 
lower part of each side. The post tensioning method of -prestressing 
was used, and it was necessary to cast holes in the concrete by 
placing 7/8 inch to l l/8 inch pipe in· the forms. These were with-
drawn after the concrete had taken its initial set (about 6-8 hotirs). 
Prestressing: After three days the slabs were post-tensioned to 
the stresses already mentioned. This was accomplished by jacking the 
bars until the springs had deformed a -~ti .. ien amount. The hydraulic 
jacks were manufactured by Templeton, Kenly & Company, Broadview, 
lllinois. 
Calculations £or the a.inount of deformation of the springs to 
provide the desired prestress are as follows: 
I. Prestress - 100 psi 
Area of plate = 25 (5.5) = 137.5 sq. in. 
Bar diameter= 3/L, inch 
Bar length = 66.0625 inches 
Load necessary = 137.5 ( 100) = l3, 7 50 lbs. 
Load par bar and spring :a lJ, 750/2 =- 6875 lbs. 
Spring constant (k) :z 4089.6 lbs./in. 
Total jacking distance = Deformation or spring & elongation of bar 
DTJ = Ps + Pb1 = 6875~-
K ~ 4019:6 
DTJ = 1. 715.3 in. 
+ 6875 (66.0625)6 
.442 X 30 X 10 
Original height of springs - DTJ = Final height or springs 
9.0625 - 1.7153 = 7.3472 in. 
II. Prestress - 300 psi 
Area of plate - 25(5.5) = 137.5 sq. in. 
Bar diameter= 3/4 in. 
Bar length = 66.5625 in. 
Load necessary = 137. 5 (300) ::z: 41, 250 lbs. 
Load uer bar = 20, 625 lbs. 
Load per spring (4) = 10,312.5 lbs. 
Spring constant (k) = 5731.2 lbs./in. 
Total jacking distance = Deformation of spring & elongation of bar 
DTJ = Ps + Eg1 = 10.312.5 
K AE 5731.2 
DTJ = 1. 9028 in. 
+ 20,625 ~66.5625t 
.442 30 X 10 ) 
Original height of springs - DTJ =- Final height of springs 
9.0625 - 1.9028 ~ 7.1597 in. 
III. Prestres~ - 500 psi 
Area of plate = 25(5.5) :c 137.5 sq. in. 
Bar diameter = 7/8 in. 
Bar length = 65.75 in. 
Load necessar,y = 137.5 (500) = 68,750 lbs. 
Load per-bar= 34,375 lbs. 
Load per spring (4) = 17,187.5 lbs. 
Spring constant (k) = 12,540•8 lbs./in·. 
Total jacking distance = Deformation of spring + elongation of bar 
DTJ = Ps = 17,187.5- + 34,37i (65.75) 
'K 12,540.8 .6ol (JO X l06) 
DTJ = 1.·4958 in. 
Original height of spring - ~J = Final height of Spring 
8.25 - 1.4958 = 6.7942 ~n. 
The purpose of the springs in the prestressing arrangement is to 
hold the prestressing force as constant as is possible. The shrinkages 
obtained are on · the order of a few hundreths of an inch. 1~e 
following example will serve to . show the effect of the ~prings. 
I. Prestress = 100 psi 
Force per spring set (Ps) = Force per bar (Pb) 
Length change of spring + length change of bar = length change 
due to shrinkage 
Shrinkage = 0.0500 in. (more than encountered) 
Ps + PbL = .05 
- ........ --
. . K AE 
P5 + P5 (66.0625 = .05 . 
4089.6 
.442 (30 X 106) 
Ps = 200# change 
Prestress change= 200/137·5 =~psi 
:18 
Similar calculations for 300 psi and 500 · psi slabs give similar 
results. S~nce the coefficients of linear expansion ,due to temperature 
are very nearly the same for steel and concrete, it can be said that, 
for all measurable purposes, the prestress remained constant in the 
slabs. 
Readings: The readings ·taken were: length change, slab teJR-
perature, room temperature and room ~umidi ty. Readings were taken on 
the springs also, frequently enough to insure that no majoe slippage 
had occurred. The length change gage was a 50 inch invar steel, self 
compensating gage, designed by 1-ir. Bengt F. Friberg and made by Hr. 
A. V. Kilpatrick of the ~rissouri School of Hines. (See Plate V, Page 
25). This gage was designed to be self-centering on the brass gage 
plugs cast into the slabs. Measurements of length change could be 
read to the one thousandth of an inch and interpolated to the one ten 
thousandth. Initial readings were taken about 6 to 8 hours after 
pouring, and all subsequent readings corrected to that as a zero point. 
Dnitially1 readings were taken on the .top and both sides,- however, 
after a short time it ~~s discovered that the gage was to a~~rd to 
use on the side readings, so these readings were then only taken 
periodically, and all were found to agree with the top readings. 
Three temperature wells were cast into each slab in the center. 
One ltell was 1.5 inches from the top, one in the center and one 1.5 
inches from the bottom. In later corrections these three readings 
were averaged to gain the slab temperature. Weston thermometers 
ranging from 500 F to 300° F were used to take the temperatures. 
The room temperature was recorded at the time each reading was 
taken. The thermometer was placed on top of slab · A-1 in each case. 
Room humidity was taken at each reading With a sling 
ps.rchrometer. The humidity was very low throughout the period. 
Inasmuch as the room temperature did not remain constant, it was 
necessary to correct the reading so as to remove the factor of 
temperatu.re ~tell and shrinkage. In order to do this the temperature 
~Tas varied from over 90°F to about f:IJ°F over a period of :?.4- hours. 
Readings were then taken of the len~h change, and a value of the 
coefficient of contraction taken. As the temperature then rose, 
readings were taken, and these values checked. The results were 
fairly close to the observed changes. The values used to correct 






















FIFI'Y INCH LENGTH CHANGE GAGE 
Plate V 
RESULTS 
Following are the data sheets and the deformation versus time 
graphs taken tor each slab (Tables lthrough 41 Figures lO through 
13). In Figure 14, the graphs are superimposed to show the relative 
amounts and rates of deformation. 
A factor of note is the measured value of Young's Modulus of 
Elasticity. Each of the cylinders, when tested, determined a three 
day value, an:l the slabs, when loaded, showed a deformation trom which 
















The values shown !or Slab A-.3 ~ var.y conceivably be in error as the 
ten-thousandth reading is interpolated. An error of .0008 inches 
would mean an increase in Young's Modu1us of l,OOO,CX>O. The other 
values, however, check very closely. 
Figure 15 shows the ourve or prestress load versus total creep 
after 100 days. The curve levels off !rom 100 psi to 0 psi showing 
that possibly there is little effect on creep !or loads less than 100 
psi. The curve above 100 psi is a straight line. This concept of 
creep being proportional to load is in line with conclusions reached 
by all others who have researched on this topic. Slight variations 
are, of course, to be expected but, in general, the curve does plot a 
straight line. 
As mentioned before, Mr. Shank has noted that the creep of 
concrete under load follows a curve of the form: 
Y = cxa(l2) 
(12} Shank, op. cit., P• 2 
In Figures 16 through lB curves are drawn for the three slabs 
which were loaded. The curves are dralt:n on log log graph paper, and 
the slopes and y - intercepts are noted. The curve, 
y = cxa 
takes the form 
log y ~ log c + a log x 
when plotted on this paper. This plot is a straight line Where log C 
is the y - intercept and a is the slope of the line. The equations 
arrived at are listed below: 
~ Y-InterceEt {c) SloEe (a} Equation 
A-2 2.33 .597 Y ::~ 2.33 X • 597 
A-3 3.07 .363 Y ::z 3.07 X .363 
A-4 2.25 .35 y ::z 2.25 X e35 
It can be noted that this curve does not exactly follow the 
points as shom1. One primary reason for this is the early age at 
which these slabs were loaded. Being very fresh, it is possible that 
the initial rate of creep was much greater than the test specimens used 
by 1-fr. Shank. His specimens were all loaded after at least one month. 
It appears, hcwever, that after 6-10 days the creep does begin to 
approximate a straight line. New equations may be cal.cul.ated ignoring 
the initial period, and these equations follow very closely the 














Y = 3•47 X •466 
Y = 3.62 X .312 
Y = 2.75 X e2S3 
The values for "C" nnd ttan found in this research cofllpare very 
closely with Y.r. Shank's uork. His value of c for a seven da~r loading 
.is 2.071 'Whereas the one de~erll'ined in this l'Tork is 3.07. His value 
fer a is .371 whereas for slab A-3 it is .363. It can be seen that 
this equation very closely defines the creep curve. 
The equations obtained above seem to express the shrinkage of the 
slabs tested, but there are so ntru".Y factors l'lhich will affect the rate 
and the total arrount of shrinkage and creep in concrete that it cannot 
be said that all concrete o.r this rr.ix will deform in the same Iranner. 
'l:te main factor determining the values for rate and amount of defor-
mation seems to be the humidity or available water conditions. A 
specin:en stored under water or in a fog cure room would shrink and 





S1ab A-1 (0 psi Prestress) 
Poured 30 November 1956 
Cylinder Strength (28 days) - 47JJJ psi 
Young's Modulus of Elasticity - 6 x 106 psi 
Thermal coefficient of Expansion - .00000435 in./in./deg. F 
~" 
SLAB A-1 
TIME ROOM REL. SLAB GAGE TEMP. CORRo 
TEMP. HUM. TEMP. READING CORR • READING 
1 780 .36% 83° 0 0 
2 79° .37% 91° +8 -17.4 -ll.4 
3 820 .39% 88.JJO +8 -11.6 -.3.6 
4 82° .36% 85° +8 -4.35 +3.7 
5 82° .37% 82° +8 +2.18 +10.2 
6 840 36% 78.67° -7 +9.4 +2.4 
7 840 .36% 78.67° -9 +9.4 +·4 
8 84° 32% 77.67° -16 +ll.6 -4.4 
9 85.5° .35% 77.6~ -16 +11.6 -4-4 
10 8<]0 .34% 7S.JJO -16 +10.10 -5.9 
11 89° 33% 78.3JO -16 +10.10 -5.9 
12 870 .33% ?SO -17 +10.9 -6.1 
13 88° 32% 78.33° -16 +10.10 -5.9 
14 f390 30% 83.3.30 -16 -.7 -16.7 
15 89° 33% 84.3JO -16 -2.9 -18.9 
16 890 36% 86° -17 -6.5 -Z3.5 
17 900 39% 870 -17 -8.7 -25o7 
18 91° 36% 87.67° -17 -10.10 -37.1 
19 91° 35% 88 • .33° -17 -ll.6 -28.6 
20 91° 34% 89° -17 -]J.l -30.1 
21 900 36% 890 -18 -13.1 -31.1 
22 91.5° 35% 88.67° -18 -12.3 -.30.3 
Z3 90° 36% 88.67° -20 -12.3 -32.3 
24 85° 35% 85° -35 -4·35 -39-4 
25 79° 34% soo -47 +6.5 -40.5 
f1.1 " 
" . :... .. 
SLAB A-1 (Continued) 
TIME ROOM REL. SLAB GAGE TEMP. cam. 
~. HUM. TEMP. READING cam. READING 
26 81° 35% 81° +4·35 -2 -43.7 
Zl 81° 35% 81° +4.35 -1 -M-.9 
28 810 35% 810 +4.35 -3 -47.7 
29 81° 33% 81° -52 +4.35 -47.7 
30 82° 30% 82'> -55 +2.18 -52.8 
31 830 z:J% 82.33° -55 +1.46 -53.5 
32 82'> Zl% 8~ -53 +2.18 -51.8 
33 82° 28% 82° -58 +2.18 -55.8 
34 8()0 29% 00.67° -65 +5.1 -59·9 
35 80° 29% soc -62 +6.5 -55.5 
36 82° 30% 80.6'{0 -67 +5.1 -61.9 
37 85° 36% 83.33° -63 -.72 -6).7 
38 82° 35% 80.67° -69 +5.1 -63.9 
39 86° 35% 85.67° -66 -5.8 -71.8 
40 840 30% 83.67° -73 -1.46 -74-5 
4l 86° 37% 83.67° -72 -1.46 -73.5 
42 87° 37% 85.67° -72 -5.8 -77.8 
43 88° 36% 870 -71 -8.7 -79·7 
44 87° 34% 870 -72 -8.7 -80.7 
45 sse 33% 87.330 -72 -9.4 -81.4 
46 87° 34% 870 -77 -8.7 -85.7 
47 86° 34% 86° -82 -6.5 -88.5 
48 870 34% 86.33° -84 -7.2 -91.2 
49 sao 35% sse -80 -10.9 -90o9 
~9 
# • .. ' 
SLAB A-l (Continued) 
TIME ROOM REL. SLAB GAGE TEMP. CORRo 
IDIP. HUM. TEMP. READING cam. READING 
50 sao 35% sao -82 -10.9 -92.9 
51 sso 35% 88° -87 -10.9 -97.9 
52 88° 35% 870 -87 -8.7 -95.7 
53 890 30% 88.67° -86 -12.4 -98.4 
54 85° 30% 85° -102 ~.35 -106.4 
55 85° 30% 840 -102 -2.18 -104.2 
56 86° 33% 86° -100 -6.5 -J.06.5 
57 87° 33% 870 -101 -8.7 -109.7 
58 86° 33% 86° -105 -6.5 -lll.5 
59 870 40% 86.67° -103 -s.o -lll.O 
&J 840 30% 85° -lll -4-35 -ll5.4 
61 83° 31% 82.67° -ll7 +.72 -l.l6.3 
62 79° 30% ooo -1Z7 +6.5 -120.5 
63 ?SO 31% 79.67° -129 +7.2 -121.8 
64 soo 34% 79.67° -129 +7.2 -121.8 
65 900 34% 89.330 -109 -13.8 -122.8 
66 SJO 33% 85° -127 -4-35 -131.4 
67 81° 35% 81° -138 +4.35 -133.6 
68 86° 35% 870 -132 -8.7 -140.7 
69 sso 30% 88.67° -139 -12.4 -151.4 
70 9<)0 Zl% 9().67° -146 -16.7 -162.7 
71 71° 26% 73.67° -183 +20.3 -162.7 
72 58° 3~% 64.330 -207 +40.5 -166.5 
73 SJO 30% 82.67° -157 +.72 -156.3 




Slab A-2 (100 psi Prestress) 
Poured 30 November 1956 
Cylinder strength (28 days) - 5030 psi 
Young's Modulus or Elasticity - 5.5 X 106 psi 




TIME ROOM REL. SLAB GAGE TEMP. cam. 
TF}{P. HUM. TEMP. READING cam. READING 
1 78° 36% 81° 0 
-45·5 
2 79° 37% 86° +18 -12.7 -43.8 
3 8~ 39% 84.330 ±18 -11.0 -52.1 
4 8~ 36% 81.33° +23 -.84 -53.8 
5 82° 37% aoo +8 +1.67 -50.5 
6 840 36% 77.33° -2 +9.3 -55.5 
7 840 36% 76° -2 +12.7 -54.2 
8 840 32% 76.67° -7 +11.0 -52.3 
9 85.5° 35% 77° -7 +10.1 -55 
10 890 34% 77.67° -7 +8.4 -56.8 
ll 890 33% 77.33° -7 +9.4 -56.2 
12 870 33% 76.67° 0 +ll.O -61.1 
l3 76.67° -10 +11.0 -60.4 
14 sso 32% 78.67° -7 +5·9 -67.6 
15 890 30% 84° -7 -7.6 -70o5 
16 890 33% 850 -7 -10.1 -72.2 
17 890 36% 86.67° 
-7 -14.4 -74.7 
18 90° 39% 870 -10 -15.2 -74.7 
19 91° 36% aao -13 -17.7 -77.0 
20 91° 35% sso -ll -17.7 -75.7 
2.1 91° 34% 890 -12 -20.3 -81.4 
22 900 36% 890 -13 -20.3 -90.6 
23 91.5° 35% 89.67° -14 -22.0 -89.7 
24 900 36% 89.33° -16 -21.1 -85.6 
~ .e; 
SLAB A-2 (Continued) 
TIME ROCM REL. SLAB GAGE TEMP. CCRR. 
TEMP. HUM. TEMP. READING cam. READING 
25 85° 35% 85.67° -32 -11.8 -43.8 
26 79° .34% 810 -39 0 -39 
Z7 81° .35% 81.JJO -40 -.84 -4().8 
28 810 .35% 81° -41 0 -41 
'}!) 810 35% 82'> -43 -2. 5.3 -45·5 
30 85° 33% 81.330 -43 -.84 -4.3.8 
.31 SJO .30% 830 -47 -5.1 -52.1 
32 830 ~% 83.67° -47 -6.8 -53.8 
33 82° Z7% 82° -48 -2.53 -50.5 
34 82° 28% 820 -5.3 -2.53 -55.5 
35 80° z:J% 80.67° -55 +.84 -54.2 
36 soo z:J% 80 • .330 -54 +1.7 -52.3 
37 8~ .30% 810 -55 0 -55 
.38 85° 36% 83.67° -50 -6.8 -56.8 
39 82° .35% 80.67° -57 +.84 -56.2 
40 86° .35% 85° -51 -10.1 -61.1 
41 840 .30% 84.JJO -52 -8.4 ~.4 
42 86° 37% 840 -~ -7.6 -67.6 
43 870 37% 86.JJO -57 -13.5 -70.5 
44 sao 36% 870 -57 -15.2 -72.2 
45 870 34% sao -57 -17.7 -74·7 
46 sao 33% sso -57 -17.7 -74.7 
47 87° 34% 87.JJO -61 -16.0 -77.0 
48 860 34% 86° -63 -12.7 -75·7 
49 870 ~ 86.670 -67 -14.4 -81.4 
. ~~ 
SLAB A-2 (Continued) 
. TIME RC>CM REL. SLAB GAGE T»>P • . CCRR. 
1»!P! HUM. T:DIP. READING CORR. READING 
50 sao .35% 88.330 -72 -18.6 -90.6 
51 sao .35% sao -72 -17.7 -89·7 
52 sao 35%' 88.330 -67 -18.6 -85.6 
5.3 sso 35% 87.67° -67 -16.9 -8.3.9 
54 890 .30% 8<)0 -66 -20.3 -86.3 
55 85° 30% 85.67° -83 -ll.S -94.8 
56 85° .30% 84.67° -83 -9 • .3 -92.3 
57 860 33% 86.33° -83 -1.3.5 -96.5 
58 870 33% 870 -84 -15.2 -99.2 
59 86° 33% 86 • .).)0 -85 -13·5 -98.5 
60 870 40% 87 • .)30 -83 -16.0 -99 
61 840 .30% 85.3JO -88 -11.0 -99 
62 8JO .31% 82.67° -93 -4.2 -97.2 
63 79° 30% ao.JJO -107 +1.69 -105.3 
64 7SO .31% 79.67° -ill +3.4 -107.6 
65 8()0 34% SO.JJO -113 +1.69 -l.11.J 
66 9QO 34% 9Q.JJO -92 -23.6 -ll5.6 
67 830 .33% 84.JJO -107 -8.4 -ll5.4 
68 81° .35% 81.67° -ll7 -1.69 -ll8.7 
69 86° .35% 87 .JJO -105 -16.0 -121 
70 sao 30% 89.67° -117 -22.0 -139 
71 9QO Zl% 91° -119 -25 • .3 -1.44 • .3 
72 71° 26% 74° -162 +17.7 -144 • .3 
73 58° 31% 63° -182 +45.5 -l36.5 
74 83° .30% 82.67° -134 -4.2 -l38.2 





Slab A-3 (300 psi Prestress) 
Poured 15 December 1956 
Cylinder Strength (28 daya) - 4360 psi 
Young's Modulus of Elasticity - 6 x 106 psi 
Thermal Coefficient o! Expansion - .00000465 in./in./deg. F 
~Q 
SLAB A-3 
TIME ROOM REL. SLAB GAGE TEMP. CCRR. 
TEl-1P. HUM. TEMP. READING CORR. READING 
1 83° 34% 92.67° 0 0 
2 840 34% 89° -12 +8.5 -3.5 
3 85° 36% 86° -15 +15.5 +·5 
4 83° 35% 840 -18 +20.2 +2.2 
5 81° 35% 8()0 -18 +29.4 +ll.4 
6 78° 36% 79° -30 +31.8 +1.8 
7 82° 35% 74.33° -30 +42.6 +12.6 
8 soo 35% 76° -29 +38.8 +9.8 
9 86° 34% 81.67° -25 +25.6 +.6 
10 86° 35% 81..33° -21 +19.4 -1.6 
ll 86° 35% 84-33° -59 +19.4 -39.6 
12 81° 33% 81.67° -80 +25.6 -54o4 
13 840 30% 83o33° -85 +21.7 -63.3 
14 840 30% 83° -a? +22.5 -64.5 
15 83° 30% 82.33° -88 +24.1 -63.9 
16 840 34% 82° -93 +24.8 -68.2 
17 86° 37% 8JO -94 +22.5 -71.5 
1.8 870 37% 85° -98 +17.8 -80.2 
19 870 37% 85° -105 +17.8 -87.2 
20 sao 37% 86.67° -105 +14.0 -91 
21 sso 36% 86.670 -108 +14.0 -94 
22 sso 36% 86.67° -107 +14.0 -93 
23 870 34% 870 -llO +13.2 -96.8 
24 88° 33% 81.33° -ll9 +12.4 -106.6 
t4fl 
SLAB A-3 (Continued) 
TIME ROOM REL. SLAB GAGE TEl1P. CORR. 
TEMP. HUM. TEMP. READING COOR. READING 
25 87° 34% 870 -121 +1.3.2 -l!J7 .s 
26 87° 34% 86.33° -126 +14.7 -lll.3 
Z7 86° .34% 86° -129 +15.5 -ll3.5 
28 S7° .34% 86° -130 +15.5 -114.5 
2!1 sao 35% sso -131 +10.9 -120.1 
30 sso 35% S8° -1.33 +10.9 -122.1 
31 88° 35% 870 -138 +13.2 -124.8 
32 S8° 35% 86.67° -140 +14.0 -126 
33 89° 30% 88.67° -145 +9.3 -135.7 
34 S5° 30% S5° -160 +17.9 -142.1 
35 85° .30% 840 -164 +20.2 -14.3.8 
36 86° 3.3% 85.67° -164 +16.3 -147.7 
37 870 33% s6.69° -168 +14.0 -154 
38 860 33% 86° -169 +15.5 -153-5 
39 87° 40% 86° -169 +15.5 -153.5 
40 840 30% 84.J30 -175 +19.4 -155.6 
41 830 31% 8~ -183 +24.8 -158.2 
42 79° 30% 79.67° -197 +30.3 -166.7 
43 78° 31% 79° -200 +31.8 -168.2 
44 80° 34% 79.33° -203 .,.31.0 -172.0 
45 9QO 34% 89.67° -183 +7.0 -176 
46 830 33% 840 -200 +20.2 -179.8 
47 81° 35% 80.)30 -215 +28.7 -186.3 
48 86° 35% 86.))0 -217 +14.7 -202.3 
49 880 30% 88.670 
-224 +9.3 -214.7 
~'"' 
SLAB A-3 (Continued) 
TIME ROOM REL. SLAB GAGE TEMP. COOR. 
TEMP. HUM. TEMP. READING CORR. READING 
50 900 'Zl% 9Q.JJO -230 +5.4 -224.6 
51 71° 26% 73° -271 +45.7 -225.3 
52 58° 31% 63.JJO -299 +68.1 -2)0.9 
53 83° 30% 8~ -245 +24.8 -220.2 




Slab A-4 (500 psi Prestress) 
Poured 15 December 1956 
Cylinder strength ( 28 d~s) - 5010 psi 
Young's Modulus of Elasticity - 5.5 x 106 psi 
Thermal Coefficient of Expansion - .00000485 in./in./dcg. F 
41~ 
SLAB A-4 
TIME RO(J{ · REL. SLAB GAGE TEMP. CORR. 
miP. HUM. TEMP. READING CORR. READING 
1 83° 34% 92.67° 0 0 
2 84° 34% 90° -20 ·t-6.5 -13.5 
3 85° 36% 86.67° -16 +14.6 -1.4 
4 830 35% 85.JJ0 -19 ·t-17.8 -1.2 
5 81° 35% 81.JJ0 -22 +Z'/.5 -5.5 
6 78° 36% 79.67° -56 +31.5 
-24·5 
7 82° 35% 75° -41 +42.8 +1.8 
8 soo 35% 76° -39 +40.4 +1.4 
9 86° 34% 8~ -36 +25.9 -10.1 
10 86° 35% 84.JJO -41 +20.2 -20.8 
11 86° 35% 84.3JO -90 +20.2 -69.8 
12 81° 33% 82° -116 +25.9 -90.1 
13 840 30% 83° -116 +23.5 -92.5 
14 840 30% 83° -121 +23.5 -97.5 
15 830 30% 82.)3° -126 +25.1 -100.9 
16 840 34% 8~ -130 +25.9 -104.1 
17 86° 37% 83° -130 +23.5 -106.5 
18 870 37% 84.67° -136 +19.4 -116.6 
19 870 37% 85° -143 +18.6 -124.4 
20 sso 37% 860 -146 +16.2 -129.8 
21 880 36% 85.JJ0 -146 +17.8 -128.2 
22 sao 36% 86.67° 
-145 +14.6 -130.4 
23 87° 34% 86° -148 +16.2 -131.8 
24 88° 33% 870 -153 +13.8 -139.2 
1' .~. 
SlAB A-4 (Continued) 
Tl>IE ROOM REL. SLAB GAGE Too>. cam. 
TE>IP. HUM. TEMP. READING COOR. READING 
25 87° 34% 870 -154 +13.8 -140.2 
26 870 34% 86° -161 -16.2 -144.8 
27 860 34% 85.67° -165 +17.0 -148 
28 8'f> 34% 860 -169 +16.2 -152.8 
29 sso 35% 87.67° -170 +12.1 -157.9 
30 880 35% 880 -174 +11.3 -162.7 
31 sao 35% 86.33° -181 +15.4 -165.6 
32 880 35% 86.67° -181 +14.6 -166.4 
33 89° 30% sso -184 +11.3 -172.7 
34 85° 30% 85° -198 +18.6 -179.4 
35 85° 30% 840 -201 +21.1 -179.9 
36 86° 33% 85.67° -201 +17.0 -184 
37 87° 33% 86.67° -204 +1.4.6 -189.4 
38 86° 33% 86.67° -208 +14.6 -193.4 
39 870 40% 860 -212 ... 16.2 -195.8 
40 840 30% 84.J30 -217 +20.2 -196.8 
41 83° 31% 8~ -222 +25.9 -196.1 
42 79° 30% 79° -236 +33.1 -202.9 
43 78° 31% 78.33° -242 +34.8 -207.2 
44 80° 34% 79.67° -243 +31.6 -2ll.4 
45 900 34% 98.67° -223 +7.3 -215.7 
46 830 33% 83.67° -243 +21.8 -221.2 
47 81° 35% 80.330 -256 +30.0 -226.0 
48 86° 35% 86.3)0 -251 +15.4 -235.6 
;tt; 
SLAB A-4 ( C<>ntinued) 
TIME ROOM REL. SLAB GAGE TEMP. cam. 
TEMP. HUM. TEMP. READING cam. READING 
49 sao 30% 88.3JO -264 +10.5 -253.5 
50 900 Z7% 9().3JO -269 +5.7 -263 • .3 
51 71° 26% 7J.3J0 -311 +47.0 -264 
52 580 31% 66.67° -332 +6).0 -269 
53 SJO 30% 82° -288 +25.8 -262.2 
54 94° 25% 96eJJ0 -261 -8.9 -269.9 
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DISCUSSION OF RESULTS 
Literature ·on vo1ume changes in concrete generally conform to 
theories which indicate that creep in concrete is caused by three 
separate factors: crystalline slip, in which the crystal structures 
ot the cement gel slide over one another under stress, viscous !low, 
in which the concr~te £lows as a very viscous liquid, and water 
seepage, in which uncombined water is forced out of the concrete very 
much like the action of a settlement in subsoil under a structure. 
In a subsoil, water is forced out under the action of a load. This 
causes a time-consolidation of the soil. In concrete, water is forced 
from the voids in the same time - consolidation manner decreasing the 
voids ratio. Experimental results showing increase of creep with in- · 
crease of humidity around the concrete back up this theory of time-
consolidation. To separate the effects of these three is difficult, 
but their occurrence is in general agreement throughout the literature. 
The results of the _tests on these pilot slabs indicate that the 
shrinkage-creep curve for a specimen of concrete is a parabolic 
fUnction which will plot a straight line on log-log graph paper. 
This information, however, is of little value unless the specimen is 
tested under very aimj]ar condition~ to those met in the field. So 
many factors contribute to the shrinkage of concrete that any pre-
diction as to how much can be expected cannot be made with any high 
degree of accuracy. However, the tf}{odif'ied Shanks" curve will give 
the best result which can be found by this author. 
One factor of note is that concrete does creep proportionally 
with the stress applied. As indicated in Figure 15, Page 48, the 
uurve does not seem to be a straight line below an applied stress of 
300 psi. An investigation into the creep of specimens stressed £rom 
0 psi to 300 psi may show that stresses in thi.a region have little or 
no effect on the creep characteristics of concrete. In line with the 
acce.pted theories of crystalline slip, viscous now and water seepage, 
stresses of less than 300 psi may not be large enough to cause any 
major change. Thi.s investigation would be valuable because the cost 
of prestressing at low values would be considerably less if, or course, 
the same good features of prestressing can be obtained. The creep 
would not be noticeably increased, and hence there would be 1css 
loss of prestress. If the concrete can be kept from cracking at 50 
psi and little loss of prestress results, the econotrl.c saving would 
be considerable. 
The fifty inch length change gage used had a 90° angle turned on 
the studs which centered in the plugs cast into the concrete. The 
inner face or these plugs also were at 90°. It is eas.y to see that 
any dirt or dust particles clinging to either surface would throw the 
readi.ngs off. More accuracy would have been gained if the gage 
stud angle were turned down to something less than 90°. The gage and 
plug would then contact at only one circumference and dust particles 
would have little or no ef'fect. Great care was taken that dirt or 
dust particles had the least ef'fect by taking several readings each 
time, thereby gaining an average. With the gage as an exception, the 
only other error introduced was the human error. 
CONCWSIONS 
In line with the observed results of this work and the knowledge 
gaine~ through the experimental results of others in literature 1 the 
author has come to the following conclusions concerning the creep 
characteristics of thin prestressed concrete slabs. 
I. (a) The curve defining the shrinkage and creep of concrete under 
load is best expressed by the equation: 
y :s cxa 
(b) This curve is not accurate in the first days when the speci-
mens are loaded at an early age, but is very accurate from 
5 to 100 days. 
(c) This curve is very similar to the time-consolidation curve 
of a subsoil settling under the action of a structure load. 
II. The creep and shrinkage of concrete under load is proportional 
to the applied stress except for ver.y low stresses where the 
effect of the l.oad seems to decrease. 
III. The main !'actors influencing the amoWlt and rate of shrinkage 
and creep in concrete under load are: 
A. Shrinkage (1) Water-cement ratio 
(2) Size of cross-section 
(J) Moisture conditions 
B. Creep (1) Strength of concrete 
(2) AmoWlt of load 
(3) Age at loading 
IV. Minor factors affecting the shrinkage and creep of concrete 
Wlder load are: 
A. Shrinkage (1) Chemical composition of cement 
(2) Fineness of cement 
(3) Type or aggregate 
B·. Creep (1) Cement composition 
(2) .Aggregate 
V. Due to the possibility of such wide variance in all these factors, 
and the inability to separate the effects of any one cf them, it 
is extremely difficult to predict accurately the amount of 
shrinkage and creep to be expected in a structure. If, however, 
prior to construction, specimens of concrete made of all the 
J!'laterials to be used can be tested,· an equation will be reached 
which will accurately describe the shrinkage and creep curves. 
The test specimens must be placed under the same conditions to be 
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